The resistive-wall instability of charged particle beams has been experimentally studied in space-charge dominated electron beams. The beam energy is in the range of 3 to 8.5 keV, the beam current is between 25 mA and 62 mA. In the experiment, electron beams produced from a thermionic cathode are passed through a 0.96 m long glass tube coated with a resistive material, and localized space-charge waves are launched in the beams. The first preliminary experiment clearly shows the growth of slow spacecharge waves and the decay of fast space-charge waves. More systematic measurements and analysis of the growth(decay) rate are in progress.
I. INTRODUCTION
Charged particle beams with high brightness and low energy spread have many important applications such as high-current linear accelerators, free electron lasers, heavy-ion fusion dnvers, etc. Such high quality beams should be accelerated and transported without serious beam quality deterioration due to instabilities and other effects. One potential problem is the resistivewall instability which causes an increase of the longitudinal beam energy spread. The increase of the longitudinal energy spread, in tum, may lead to transverse emittance growth due to coupling between the longitudinal and transverse forces acting on the particles.
Historically, the resistive-wall instability was first studied by
Birdsall et L Z Z . . [~]~[~]
Their main interest was in the generation of microwaves. Later, Neil and Se~sler[~] studied the effect of the longitudinal instability on the relativistic beams in circulator accelerators. More recently, theoretical and simulation works for the longitudinal instability were done in connection with heavyion fusion induction linac^.
[^]-[^] However, a direct experimental verification for the growth and decay rates of short perturbations has not been reported so far. Recently we have started a series of experiments to investigate the resistive-wall instability by launching localized space-charge waves in beams. The first experiments show very clearly the growth of slow space-charge waves and the decay of fast space-charge waves.
In the following sections of this paper, these experiments on the resistive-wall instability are discussed.
11
. EXPERIMENTAL SETUP Figure 1 shows the experimental setup for the resistive-wall instability studies. As shown in the figure, the experimental system consists of the electron beam injector, the resistive-wall The beam pulses produced with a rectangular grid voltage pulse have a typical width of about 110 ns. In order to launch localized space-charge waves, small square-shaped current perturbations with a width of about 10 ns are generated in the middle of these beam pulses. In the beam frame, the current perturbation can propagate in forward direction as a fast wave or it can propagate in backward direction as a slow wave.
["] Generations of fast and slow waves depend on electron gun conditions such as anode-cathode distance, cathode temperature, cathodeanode voltage, etc. [ll] In some intermediate conditions, the perturbation can exist as a mixture of fast and slow waves. In our resistive-wall instability experiments, such mixed waves are avoided to abtain separate measurements of the behavior of individual fast and slow waves.
RESULTS OF MEASUREMENTS
A typical current profile with a slow space-charge wave is shown in Figure 2 The calculation is based on the linear resistive-wall instability theory in the long-wavelength limit.
["] In our experiment, the space-charge impedance is not much greater than the wall resistance of the transport channel. In this case, the growth rate is a function of frequency. The square-shaped perturbation in the beam contains a broad range of frequencies so that many frequency components of the perturbation should be taken into account. Figure 3 shows a numerical calculation result for a perturbation in the beam. In the figure, the left signal is an initial perturbation at the location of the first current monitor, and the right signal is a numerically calculated output at the location of the second current monitor. As shown in the figure, the amplitude of the perturbation increases and the perturbation is a little deformed due to the dispersion. In the calculation, the capacitive effect of the transport channel is not included, and a beam with an energy of 4 kV and a current of 48 mA is used.
The experimental result for the growth rate of the slow spacecharge waves is shown in Figure 4 . The round data points are from the experiment and the cross points are fromnumerical calculation. The triangular points are the spatial growth rates from the conventional long-wavelength limit formula [12] (1)
where RL is a wall-resistance per unit length, 2, a characteristic impedance of free space, 1 the beam current, 1, the characteristic current, g the geometry factor. The formula is valid if the spacecharge impedance dominats over the wall impedance. As shown in the figure, the experimental amplitude growth of the perturbation agrees with the numerical result.
In the experiment of fast space-charge waves, various beam energies between 6 keV and 8.5 keV are used. The experimental results of the spatial decay rates are shown inFigure 5(rounddata points). The cross points are fromnumerical calculations and the triangular points are from Eq. (1). As shown in the figure, the experimental data agrees with the numerical result. For analysis of localized space-charge waves in a resistive transport channel, it is necessary to take into account of wide range of frequencies in the localized perturbations.
IV. SUMMARY
Localized slow space-charge waves are clearly observed to grow as they propagate in a transport channel with wallresistivity. The measured amplitude growth of the square-shaped perturbations is significantly smaller than that of the long wavelength limit formula which applies to sinusoidal perturbations. Similarly the decay of localized fast space-charge waves are observed, and the measured amplitude decay is smaller than the formula for sinusoidal perturbations.
As pointed out in the introduction, the instability will cause beam quality deterioration. For better understanding and experimental verification of beam quality deterioration, further experiments and analysis are needed. Our next experiments for timeresolved beam energy spread and emittance measurements will provide more information about the resistive-wall instability.
